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The first article on the testing of disinfectants was written by Robert Koch and appeared in 1881 \[[@R1]\]. It was entitled *über Desinfektion* (on disinfection). He described the following testing method. A silk thread is contaminated by submersion in a liquid culture of the test organism *Bacillus anthracis*; after drying, this contaminated thread is immersed in the disinfectant solution for a given exposure time; thereafter the thread is cultured in a nutrient broth; no growth after incubation indicates that the product is active. Such a test is now considered as a carrier test. Koch compared several chemical substances; he found that, for the same concentration of the active substance, mercuric chloride was the most active product. It was, however, an erroneous result: there was a carry-over of residues of the disinfectant into the subculture medium, so that the bacteriostatic action of the mercuric chloride continued to act: it was indicated wrongly that there was no survival. The problem is now solved by the neutralization of the disinfectant at the end of the exposure.

The number of bacteria dried on a carrier is hard to standardize. The survival of the germs on the carrier during drying is not constant. Therefore the use of a suspension of bacteria is preferred to that of carriers. Geppert developed the first suspension tests ten years after Koch \[[@R2]\]. A sample of the bacterial culture, the inoculum, is suspended into the disinfectant solution and after exposure it is verified by the culture of this mixture whether the inoculum is killed or not. No growth means activity of the preparation. Samples of the bacterial suspension and of the disinfectant-bacteria mixture were taken by a loop as it was usual at that time. The results of these tests were not reproducible (the interlaboratory spread of the results is large), even not always repeatable (large intralaboratory spread of the results). The reason was not only that the quantity of bacteria supplied by a loop differed in the various experiments, but also that the resistance of the test organism could vary.

One of the most ingenious innovations in the testing of disinfectants by means of a suspension test was the introduction of a standard preparation, phenol, in 1903 by Rideal and Walker \[[@R3]\]. In their test qualitative results (growth or no growth) of the tested disinfectant for several exposure times are compared with those of an active dilution of phenol which is tested in the same experiment. The relation of the active dilution of the disinfectant to this of phenol is the so-called phenol coefficient. The determination of the phenol coefficient remained the standard test for more than half a century, as long as most disinfectants were phenolic compounds.

Such simple tests as the carrier tests or the suspension tests give a good picture of the activity of a preparation, but the results are not always related to the real value in practice, especially in the case of surface disinfection. Heicken described a new test for the disinfection of rooms, particularly of floors, walls and other surfaces in 1949 \[[@R4]\]. In this practice-mimicking test several kinds of test surfaces (tiles, wood, glass...) are contaminated with a suspension of enteric bacteria, e g *Salmonella paratyphi*, which is dried on the surface. The disinfectant solution is sprayed on the test object and after a given contact time the survivors are wiped off with a cotton swab and brought on the surface of an agar plate: after incubation the observed growth is estimated semi-quantitatively (from no growth till ++++). This test was the basis of the practical test of the German society for hygiene and microbiology (*Deutsche Gesellschaft für Hygiene und Mikrobiologie*).

The last kind of tests to be applied in the evaluation of surface disinfectants was the capacity test. Each time a mop is soaked into a bucket with disinfectant solution, a certain quantity of dirt and bacteria is added to this solution, which diminishes the activity of the solution. The ability to retain activity in the presence of an increasing load of organic matter and bacteria is the capacity of the disinfectant. Kelsey introduced the principle of capacity tests in the testing of surface disinfectants in the sixties of past century \[[@R5]\]. Such tests, however, give more information about the disinfection of the fluid in the bucket than that of the floor.

A further step in the standardization of disinfectant test was the introduction of quantitative tests after the Second World War. From the study of the kinetics of disinfection, it was clear that the end-point of no growth, or no-surviving organisms, is determined by the size of the inoculum, namely the number of organisms present in the bacterial suspension or on the carrier and brought in contact with the disinfectant. If the inoculum consists of only a few bacteria, then the end-point of no-growth will be reached after a much shorter exposure time than when more bacteria were present in the beginning. To overcome this difficulty, it is better to calculate the real reduction quantitatively, originally done as the percentage of cells killed. In a more scientific way the decimal log reduction or microbicidal effect is calculated by subtracting the logarithm of the survivors from the logarithm of the original inoculum. The most circulating requirement is a microbicidal effect that equals or is greater than 5, what means that at least 99.999% of the germs is killed.

A further milestone in the development of disinfection tests was the gradual awakening of the fact that the antimicrobial efficiency of a disinfectant should be examined at three stages of testing. The first stage concerns laboratory tests in which it is verified in which concentration-time relation a chemical compound or a disinfectant preparation possesses antimicrobial activity: for these preliminary tests, essentially quantitative suspension tests are considered. The second stage is still carried out in the laboratory, but in conditions simulating real-life conditions. Not disinfectants but disinfection procedures are examined. It is determined in the practical tests in which conditions and at which use-dilution after a given contact time the preparation is active for a specific application (e. g. surface disinfection, instrument disinfection, hand disinfection). The third phase comprises the field tests or pilot studies. This testing of disinfectants in several steps was firstly developed by the *Deutsche Gesellschaft für Hygiene und Mikrobiologie* as preliminary tests (*Vorversuche*) and main tests (*Hauptversuche*) in the famous guidelines on the testing of disinfectants, the first edition of which appeared in 1959 \[[@R6]\].

At the end of the sixties of past century four kinds of tests were used to determine the microbicidal activity of surface disinfectants: carrier tests, suspension tests, capacity tests and practice-mimicking tests. At that time surface disinfectants were evaluated in the United States of America by the so-called Use-Dilution Method of the Association of Official Analytical (formerly Agricultural) Chemists \[[@R7]\], which is a carrier test. In the United Kingdom the capacity test of Kelsey and Sykes was usual \[[@R8]\]. In other countries the sole test was a simple quantitative suspension test, as in the Netherlands the so-called 5-5-5-test of the *Centraal Instituut voor Voedingsonderzoek* \[[@R9]\]. In Germany the *Deutsche Gesellschaft für Hygiene und Mikrobiologie* followed its own scheme of *Vorversuche* and *Hauptversuche*. This led to the boring situation that a given disinfectant preparation was approved in one country but refused in another, or that the concentration considered as active could vary to a fivefold following the country \[[@R10]\].

In 1970 a scientific working group was founded and sponsored by the *Rudolf Schülke Stiftung*: the International Colloquium for the Evaluation of Disinfectants in Europe. It consisted of scientists from Austria, Belgium, (West-)Germany, the Netherlands, Sweden, Switzerland and the United Kingdom. The aim was to develop a general consensus on the requirements of all kinds of disinfectant procedures and on the methods to be followed in the evaluation of their microbicidal activity. The foundation organized not only workshops for the active members, but also three successful colloquia to discuss the progress of their work in front of an international public.

As the unification of disinfection tests is a priority for the European industry, the English, French, German and Swiss standard institutes asked the CEN (*Comité Européen de Normalisation*, European Committee for Standardization) to develop European Norms. In April 1990 the CEN started a new technical committee TC 216, named Chemical disinfectants and antiseptics, with as scope: the standardization of the terminology, requirements, test methods including potential efficacy under in use conditions, recommendations for use and labelling in the whole field of chemical disinfection and antisepsis; areas of activity include agriculture (but not crop protection chemicals), domestic service, food hygiene and other industrial fields, institutional, medical and veterinary applications.

The most relevant fact is that the testing scheme accepted by the CEN TC 216 follows the view that a test must be seen as a part of a complete testing scheme; the predicting value of one test in itself is relatively low, if the results are not interpreted in the framework of a testing strategy. It is the merit of the CEN TC 216 that this principle is applied in the testing of disinfectants and antiseptics. The phase 1 tests comprise the basic bactericidal, respectively fungicidal, tuberculocidal, virucidal, sporocidal tests; they are essentially quantitative suspension tests in which the biocidal activity is determined towards a limited number of test organisms: for the bactericidal tests they are *Staphylococcus aureus* and *Pseudomonas aeruginosa*. From the results of the phase 2 tests, it should be deduced at which concentration and after which contact time the preparation tested is active for the proposed application (e g disinfection of floors in the food industry, handwashing in health care facilities, disinfection of swimming-pool water, prevention of growth by *Legionella* in cooling-tower water). The first step in phase 2 consists again in basic (bactericidal, fungicidal, etc.) tests, but the number of tests organisms is extended, the influence of interfering substances as hard water, soap, detergents, blood etc can be estimated. The phase 2/step 2 tests are essentially practical tests simulating real-life conditions. It remains an open question whether field tests or pilot studies can be standardized in such way that they can be accepted as a European standard for phase 3 at all.

The CEN is founded and sponsored by the industry as the industry needs standards. The CEN brings together people from different countries, with different insights, delegates from the industry, from the governments or official institutes, from the universities. The advantage is that a broad consensus is sought. The disadvantage is that it takes a long way with many meetings.

It can be supposed that in some decades the work of the CEN shall be regarded as the greatest progress in the evaluation of disinfectants since Rideal and Walker. The work and even the foundation of CEN TC 216, however, are the logical consequence of the International Colloquium for the Evaluation of Disinfectants in Europe and would perhaps not have occurred if the preparatory work was not done. In fact the great principles that are accepted now generally, were elaborated in the workshops of the *Rudolf Schülke Stiftung*. They are the detailed description and standardization of the tests, the expression of the results in a quantitative way with the use of appropriate statistics, and the conception that not disinfectants in itself but disinfectant procedures must be evaluated, which can be done only in successive steps: the totality of the results determines whether a preparation is considered as active or not for a given application.

The conclusion is that the CEN has much merit but that the original ideas and the establishment of the great principles of disinfectant testing originated in the past, many decades ago. The role of the International Colloquium for the Evaluation of Disinfectants in Europe cannot be overestimated.
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Emeritus Head of Department of Hospital Hygiene and Infection Control of the University Hospital Leuven.
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His extraordinary expertise is documented by more than 150 scientific papers which deal primarily with the testing of disinfectants and antiseptics, with issues of hospital hygiene and infection control.
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